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1977 KVICHAK RIVER SOCKEYE SALMON SMOLT STUDIES 

Richard C .  Randall 
Alaska Department of Fish  and Game 

Division of Commercial Fisheries 
Anchorage, Alaska 

INTRODUCTION 

Studies t o  determine t he  a g e  composition and re la t ive  magnitude 
of t he  sockeye salmon smolt (Oncorhynchus nerka) outmigration i n  t he  
Kvichak River have been conducted annually s i n c e  19 5 5 . This informa- 
tion on smolt production is used for forecasting t h e  age  composition and 
magnitude of subsequent adult returns . Prior to  19 73,  only a n  index of 
the  outmigration was determined using a 4 x 4 f t .  fyke net .  Although t h e  
index program has  provided information on t he  dynamics of t he  smolt pop- 
ula t ions ,  it was  not a rel iable forecast  tool .  In 1965, attempts were begun 
t o  improve t h e  index and t o  develop a sampling method that  would provide 
a to ta l  outmigration est imate.  Experiments were conducted uti l izing under- 
water sonar equipment during 1969 (Parker 1974) and 19 70 (Russell 1972) . 
A new sonar site was se lec ted  for t he  1973 s ea son  and t he  program has  
returned t o  t h i s  location through 19 77 (Parker 19 74) . Figure 1 shows the  
sampling s i t e s  for the  years  1971-72 and 1973-77. Although the  program 
has  remained in  t he  same location for 5 years ,  s ignificant  changes were 
made i n  t h e  design,  ins ta l la t ion,  and operation of t h e  sonar  sys tem beginning 
in  19 76 (Randall 19 77) . 

After more than 20 years  of continuous operation, the  outmigration 
index program was discontinued i n  1977. The index site was retained,  
however, a s  t he  primary s i t e  for collection of smolt for age ,  weight and 
length da ta .  

MATERIALS AND METHODS 

Instal lat ion and operation of a sonar counting system was similar 
to  that  used  in  1976  a and all 1977) . The system cons i s t s  of three 10.5 f t  . 
plas t i c  ladder assemblies  , or arrays ,  each  of which is outfitted with 14 



sonar transducers.  Each transducer comes outfitted with 330 f t .  of 
electronic cable .  The transducers are  attached to  the  arrays and their 
cables a re  gathered together into three separate bundles which a re  
connected to  a s ingle  control unit housed in  a tent  on t h e  riverbank 
where the  entire system is monitored (Figure 2).  Each array i s  rigged 
with an independent anchoring system and ,  after being positioned i n  t he  
river channel,  is submerged to  the  bottom for actual  operation. 

The system functions a s  a biomass counter and i s  designed to  
register one count for the biomass equivalent t o  10 smolt passing over 
the sonar gear.  The system is monitored continuously 24  hours per day. 
Every 15 minutes counts are electronically totaled for each array and 
recorded on paper tape.  

Total counts a r e  multiplied by 10 fish per count t o  estimate numbers 
of smolt passing over the three arrays. No satisfactory technique for field 
calibration of t he  sonar gear has  been developed thus far,  therefore, the  
theoretical 10 fish/count expansion is used.  

Since wind, ra in ,  snow, boa ts ,  e tc .  can cause fa lse  counts on the 
system,  the  counts recorded by the control unit must b e  adjusted a s  needed. 
Known fa l se  counts a re  simply deducted from the printed counts. If fa l se  
counts become continuous or occur simultaneously with true smolt counts ,  
the entire system is disabled until the  source of the  fa l se  counts has  passed .  
Counts during missed time are  estimated by l inear interpolation. The control 
unit  will print out the number of seconds the system is disabled.  Since 
there is a 0.2 t o  7.8% error in  the internal mechanical clock that  records 
the disable  time; an  adjustment is made in the printed time. 

Each array covers a section of t he  river approximately 1 2  f t .  ac ross .  
The counts from each array a re  expanded to  estimate the number of smolts 
outmigrating in sections of the  river not covered by the sonar gear. A sonar 
transducer aimed across the  river was used t o  determine the horizontal dis-  
tribution of the  smolt. The equipment electronically divides the  river into 
1 2  equal segments and records the number of targets per segment. This year  
the  river was 393 f t .  wide. Sonar records indicated that  90 f t  . on the west  
bank and 2 7  f t .  on the ea s t  bank were not utilized by smolt. Figure 2 illus- 
t ra tes  the position of the arrays i n  the  remaining 276 f t .  Expansion factors 
for the center and eastern sectors were calculated by dividing the length of 
the sector by 12 f t .  The west (offshore) sector was divided into two sub- 
sectors .  Counts for the  western 40 f t .  subsector were estimated t o  be  
equal t o  the  counts on the offshore array and counts for the  eastern 93 f t .  
subsector were estimated to  be  40% of t he  counts on the offshore array 
(Figure 3 and Table 2 ) .  



The counting rate of the system is adjusted each season depending 
on river velocity. Water velocities are measured with a gurley meter over 
each array. Since the control unit is adjusted for the velocity of the center 
array, linear adjustments of the offshore and inshore counts are made for 
the differences in river velocity over these two arrays. 

Due to  rising river levels ,  adjustments of sonar counts had t o  be 
made of the accompanying changes in water velocities over the three arrays. 
The control unit  was originally s e t  for 5.02 fps on May 2 1  (average velocity 
over the  center array on that date).  Water velocity were measured again on 
June 14 with significant changes observed over a l l  three arrays. Using June 
2 a s  the midpoint of the sonar operation season,  counts prior to this da te  
were adjusted according to  velocities on May 21 and the counts for the 
second half were adjusted relative to  velocities measured on June 14. 
Average velocities ranged from 4.11 to  5.09, 5.0 2 t o  5.20, and 5.18 t o  
5 .30 fps over the  inshore, center, and offshore arrays,  respectively. A 
sample of a completed daily outmigration estimate with the adjustments for 
disable time, velocity differences, expansion for unsonified areas ,  e tc  . is 
presented in Figure 3. 

Samples from fyke net catches were used to  determine mean lengths, 
weights and age composition of the outmigration. A standard 4 x 4 ft.  fyke 
net was fished in about four ft. of water in approximately the same location 
a s  the index s i t e  of previous years.  During each 5-day sample period 
throughout the season,  300 smolts were collected. Thirty smolt were col- 
lected a t  a time during 10 randomly selected hours in each 5-day sample 
period. Because smolt tend to  outmigrate during the hours of darkness,  more 
sampling was done a t  night. If no samples were collected during any sample 
hour, they were collected a t  the next sampling hour. At the end of the sea- 
son,  the smolt samples were pooled into 300 fish sample s i ze  instead of 5 
day sample period. As a result there were four sample periods between 5 to  
8 days each ( see  Table 3). Mean weights were estimated with a length-weight 
regres sidn formula, W = a ~ ~ ,  and corrected (Pieraar and Richer 1968) . Esti- 
mated age composition of the total  outmigration is weighed by the sample 
s i ze  of each of the four sample periods. 

RESULTS 

Climatological and Hydrological Observations 

Weather and river conditions were recorded a t  the Barge Island field 
station from May 17 until June 14 (Table 1 ) .  Air temperatures were above 
average for this time of year. Although water temperatures in  the lake were 
below average early in the season,  a rapid warming trend was observed. 



The average water temperature during the 29-day sampling period was 
6 ,  Z 0  C .  Due t o  a warm winter, Lake Iliarnna had never received a com- 
plete  cover of i c e  and when this  program star ted,  the  lake  was virtually 
ice-free. Warm a i r  temperatures in May and June and a heavy accumula- 
tion of snow a t  higher elevations produced unusually high water levels in 
the river. The river began t o  r i se  on June 5 and by the end of sampling 
season  had r isen more than 0.5 ft . 

Outmigration Estimate - 
The sonar counting system was in  operation between May 20 and 

June 14 with only minor interruptions . 
Timing of t he  outmigration in 1977 approximated "normal" for the  

first  time in the  pas t  3 years .  Almost 66% of the total outmigration occurred 
between May 28 and June 7 with t he  peak falling on May 29-30 (Table 3). 
The total  outmigration for the  season  was more than 215 million smolt . The 
majority of t he  outmigration were age 2 smolt from the  1974 escapement of 
4.4 million spawners (Table 3). Total production of age 2 smolt appropriates 
53 smolt per spawner and i s  much higher than that  from 1969. Both 1969 
and 1974 a re  comparable in that they immediately precede the peak year in  
the  existing 5-year sockeye salmon production cycle  of the Kvichak River 
s y s  tem . 

Production of Age 1 smolt from the 1975 peak year escapement of 
13.1 million adults in 1975 amounted to  over 82,000,000 smolt. 

Age-Weight-Length 

A total  of 1,239 smolt were collected from th is  s eason ' s  outmigra- 
tion t o  determine a g e ,  weight and length. The estimated age composition 
of the  total  outmigration was 38.2% Age 1 and 61.8% Age 2 smolt (Table 3). 
The mean weight by a g e  c l a s s  was 5.5 g for Age 1 smolt (19 year average = 

6.1) and 10.1 g for Age 2 smolt (20 year average = 11.3 g) . The mean length 
by age  c l a s s  for the  season  was 86 mm for Age 1 smolt and 106 mm for Age 2 
smolt . These compare with a 23 year mean of 89 mm and 110 mm for Age 1 
and Age 2 smolt, respectively. The mean length of this  year ' s  Age 1 smolt 
i s  larger than the  mean from other peak years .  The mean length of Age 1 
smolt from 1958, 1962, 1967 and 1972 is 83 mm. 
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Table 1. Cl  i r ~ i a t o l o y i c a l  and stt-earn ol)scrvat lons, Kvichnk R i v ~ r ,  Hay 17 - Jurie 14, 1977. 
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Table 2 .  Kvichak River da i ly  sockeye salmon smolt counts by array,  1977. l/ 

Date Inshore Center Offshore 
(1 200-1 200) - Array Array Array Total - 

Total 891,267 1 ,781 ,708 1,073,576 3,746,551 

Percent of t o t a l  23.8 47.6 28.6 

1/ Counts include in terpola t ions  fo r  missed time, expansions fo r  unsonified areas  - 
between arrays  and adjustinents f o r  water velocity di f ferences  (from Figure 3 ) .  
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19 77 NAKNEK RIVER SOCKEYE SALMON SMOLT STUDIES 

Henry Yuen 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
Anchorage, Alaska 

INTRODUCTION 

This was the  twenty-second year that the Naknek River sockeye 
salmon (Oncorhynchus nerka) smolt study has been conducted. There 
were two objectives i n  this years program: to obtain an estimate of the 
magnitude and age composition of the sockeye salmon smolt outmigration 
in the Naknek River and t o  prepare for the transition from fyke net sampling 
to  sonar counting. This second objective includes s i t e  selection for the  
sonar gear and feasibility tes t s  for u s e  of the 19 72 model Bendix sonar 
smolt counters (which were designed for the Kvichak River). 

MATERIALS AND METHODS 

A standard 4 x 4 ft.  fyke net was fished during the 1977 season.  
The net was attached to  a cable stretched across the river bottom a t  a 
location approximately 8-3/4 miles below the outlet of Naknek Lake. 

In 1957 and 1958, the entire river was sampled to  determine the 
most productive s i t e s .  Data obtained from this effort indicated that 88% 
of the outmigration passed within the six sample s i t e s  used until 1976. 
The most productive individual s i t e  (no. 4) had been used a s  an index s i te  
(McCurdy 1972) and in  1977 this was the only site fished. 

The index net was fished daily between 2200 and 0400 hours with 
an  average of 4.8 hours of active fishing time per day. There were daily 
age-length-weight sampling through June 10,  after which, samples were 
collected every other night. Sample periods were reorganized into 300 
smolts per sample period. 

The 1972 model Bendix smolt counter (Parker 19 74) was installed 
upstream of the traditional smolt s i t e  (Figure 1).  



RESULTS 

Outmigration Estimates 

The sample schedule  was  init iated on May 20 and terminated June 
23. During th is  period 60,349 smolt were captured. A peak i n  t he  out- 
migration occurred between June 24 and June 30 (Figure 1). 

The magnitude of the  1977 outmigration is est imated t o  b e  between 
2.06 and 4.42 million with a point es t imate  of 3 ,223,885 smolt. This 
es t imate  was obtained first  by  converting t he  1977 ca tch  data  into uni ts  
comparable t o  p a s t  year ' s  data  (s teps  1-4 below) before calcula t inb for 
outmigration as in  pa s t  years .  

1. Convert 1977 daily catches  (Table 4) t o  " catch/90 minutes. " 

2. Calcula te  t he  19 77 seasona l  outmigration trend of " catch/90 
minutes " using polynomial regres s ion analysis  (Figure 3) and 
interpolate from the  outmigration curve t he  " catch/90 minutes" 
for t he  8 days  when no  ca tch  data  were avai lable .  

3 .  Tally t he  19 77 dai ly  "catch/90 minutes" t o  obtain est imated 
" to ta l  random catches  " of 17,737 smolts from s i t e  4. 

4.  Correlate " tota l  random ca tches"  from s i t e  4 with t he  " to ta l  
s ea son  catch"  us ing data  from 1966 through 1976 (Figure 4) .  
The 1968 data  were not included s i n c e  i t  was  outs ide  one 
standard error of t h e  mean. Using t h e  est imated 1977 " tota l  
random catch"  of 17,737,  t h e  est imated 19 77 " tota l  s ea son  
catch' '  would be  58,564 (S. E. = 21,755) from the  above l inear  
regress  ion ana lys i s  . The remaining calculations using the  
" tota l  seasona l  catch" follow Van Valin (19 69) . 

5.  Calcula te  the  seasona l  average random ca tch  per 90 minute 
set: 

Total s ea son  ca tch  = 58,564 

Number of s i t e s  f ished = 6 

Number of sampling days  f ished during t h e  s ea son  = 35 

Therefore, t h e  seasona l  average ca tch  per 90 minute set is 
derived by 58,564 / (6 x 35) = 279 



6. Estimate the average migration past the sampled section 
of the river during a 90 minute period within a sampling 
period . 

Average catch per 90-minute period = 279 

Number of s i tes  fished = 6 

Number of s i tes  for which the migration is estimated 
from the  catch a t  each fishing s i t e  = 6 

Therefore the estimated average migration pas t  the sampled 
section of the river during a 90-minute period within a 
sampling period is derived by: 

7. Estimate the average migration past  the sampled section of 
the river per sampling period. 

Number of 9 0 -minute periods within a sampling 
period = 6 

Therefore, the  estimated average migration past  the sampled 
section of the river per sampling period is derived by: 

8. Estimate the average migration past  the entire width of the 
river a t  the sampling location per sampling period. Esti- 
mated proportion of migration occurring within the section 
of the river presently sampled = 88.34 percent. 

Therefore, the estimated average migration past  the entire 
width of the river a t  the  sampling location per sampling 
period is derived by: 

9 .  Estimate the average daily migration past the sampling 
location. Mean proportion of daily migration occurring 
during the sampling period = 74.0 6%, derived by adding 
the percentage of the total  season 's  index catch for the 
hours 2100-0600, for years 1966 through 1975, except for 
1968. 



Therefore, the estimated average daily outmigration past 
the sampling location is derived by: 

10. Estimate the total seasonal migration past the sampling 
location. 

Number of days fished = 35 

Therefore, the estimated total seasonal migration past the 
sampling location is derived by: 

With a standard error of 21,755 in the estimated total season 
catch, the estimated total seasonal migration could be any- 
where between 2,056,840 and 4,425,674 smolt. 

The age composition of the outmigration estimate was 10.2% Age 1 
smolt (328,836) and 89.8% Age I1 smolt (3,895,048) . No Age 111 smolt were 
observed. Table 1 gives the age composition by date.  

A total of 1,178 smolt were sampled to estimate lengths and weights 
by age class  (Tables 2 and 3). Age I smolt averaged 91.6 mm in length 
(22-year average = 100.1 mm) and 7.2 g . in weight (22-year average = 9.2 
g .) . Age I1 smolt averaged 1 12 .9 mm in length (2 2-year average = 1 12 .7 mm) 
and 11 .9 g . in weight (2 2-year average = 12.6 g .) . 

Sonar Counts 

Sonar counts from 1977 are presented in Table 4 and Figure 1. The 
insensitivity of the equipment which was designed for the Kvichak River, 
prevented the gear from adequately counting smolt in the Naknek River. 
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Figure 1. Sonar arrays and fyke net placement i n  the Naknek River, 1977. 
Sonar arrays were in i t i a l ly  107 and 202 f t .  from the s tee l  pipe on the east 
shore, in  Line with target on opposite shore. On June 7, the arrays were 
mved t o  122 and 205 ft,from the east  shore, where the stream bottom was 
m r e  level. The fyke n e t  was 240 f e e t  from t h e  e a s t  shore the  e n t i r e  season. 
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Figure 3. Sockeye salmon smolt outmigration trend of d a i l y  "catch/90 minutes", 
Naknek River,  1977. = 2364.04 - 1911.41 x + 4 8 6 . 6 1  x 2 +  51.31 x 3 +  
2.65 x 4 - .06x5 + .O d 1 x 6 

index site 

Figure 4 .  Correlat ion of t o t a l  season fyke ne t  catch of sockeye salmon smolts 
with t o t a l  index s i t e  f y  e ne t  ca tch ,  Naknek, 1966 through 1976. 
y =  2.91 +6784 .43  x . r 5 =  .85 



Table  1.  Est imated smol t  o u t m i g r a t i o n  by age  c l a s s  and sample p e r i o d ,  
Naknek R i  v e r y  1977. 

Date 
Age I 

n % 
Age I 1  

n % Total  

May 20-May 24 535 4.7 10,841 95.3 11,376 

May 25-May 29 13,280 8 . 7  139,373 91 . 3  152,654 

May 31 -June 7 96,992 8 . 3  1,071,584 91 .7 1,168,576 

June  8-June 12 193,015 14 .8  1,111,139 85.2 1 ,304,154 

June  13-June 23 1 66,648 10 .5  1,420,476 89.5  4,223,884 

Tota l  s 470,470 11.1 3,753,413 8 8 . 9  4,223,884 



Table  2. Sample s i z e ,  mean weight  ( g )  and v a r i a n c e  o f  sockeye salmon smol t  
by age  c l a s s  and sample p e r i o d ,  Naknek R i v e r ,  1977. 

Age I Age I 1  
Per iod  - 2 - n x s n  x s 2  

May 20-May 24 4  9 .15 1 . 6 8  82 11.98 2.87 

May 25-May 29 22 8.11 3 .16 230 12.55 12.58 

May 31-June 7  25 6.99 1 . 4 0  275 11.56 2.15 

June 8-June 12 44 6 .96 1 . 0 3  256 11.86 3.61 

June 13-June 23 25 6 .74 0.90 215 11.72 2 .96 

Tota l  s 120 7.20 1058 11.87 



Table 3. Sample s i z e ,  mean l eng th  (mm)  and var iance  of sockeye salmon 
smol t by age c l a s s  and sample pe r iod ,  Naknek River ,  1977. 

Age I Age I1  
Period - 2 - 

n x n x s S 
2 

May 20-May 24 4 99.75 32.26 82 113.05 84.09 

May 25-May 29 22 92.95 69.89 230 118.29 93.08 

May 7-June 7 25 91.84 37.33 275 114.01 61.84 

June 8-June 12 44 91.59 18.40 256 111.CO 112.57 

June 13-June 23 25 88.60 19.45 215 108.00 102.01 
- 

T o t a l s  120 91.55 1058 112.92 



Table 4. Index n e t  catches and sonar counts  sockeye salmon, Naknek R iver ,  1977. 

Fyke Net Catches Sonar Counts 
To t a  1 Hours To ta l  Hours 

Date Catch F ished Catch190 min. Counts Counted Counts/ h r  . 

May 20 
2 1 
2 2 
23 
24 
2 5 
26 
27 
28 
29 
3 0 
3 1 

June 1 
2 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
18 
2 1 
23 



1977 WOOD RIVER SOCKEYE SALMON SMOLT STUDIES 

Nikki Newcome 
Alaska Department of Fish and Game 

Division of Commercial Fisheries 
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INTRODUCTION 

The Wood River Smolt Project was initiated i n  1951 to  obtain a n  
abundance index of t he  annual sockeye salmon smolt outmigration. Vari- 
ous programs designed to  determine this index were operated until 1971 
(excepting 1968) . The index program was discontinued in 1971 because 
the relationship between this abundance index and the  eventual adult 
returns was extremely variable and of l i t t le  value in forecasting the mag- 
nitude of future runs. 

A more representative smolt outmigration estimate was needed 
for forecasting adult returns and evaluating the potential of various man- 
agement options. Sonar smolt enumeration equipment, therefore, was 
purchased, and a program was initiated i n  1975 t o  estimate tota l  smolt 
outmigration. This project was continued in 1977 with the same objectives 
of estimating number, s i z e ,  and age composition of the smolt emigrating 
from the Wood River system. 

The outmigration estimates obtained i n  19 75 and 19 76 (Krasnowski 
19 77) with t he  sonar gear were still an  index of the  numbers of smolt 
passing down the  river. The sonar equipment is designed t o  count a t  a 
ra te  of f ive smolt per count (Krasnowski 1976) and,  through a n  oversight, 
the  counts were not multiplied by this factor. If the factor had been used ,  
the  resulting outmigration estimates would have been increased five-fold. 
Such estimates would be very high and possibly unrealist ic.  Therefore 
until a method of calibrating the  sonar equipment, (i . e .  , determining how 
many f ish a count actually represents) i s  developed the factor of f ive  will 
not be used.  The estimated daily counts over the  sonar arrays will b e  
expanded to  estimate for the entire width of the  river and for the  time the 
equipment was not operated. These expanded counts will be  used  a s  an 
index of the total  outmigration of smolt during the period sampled. 



METHODS AND MATERIALS 

The same four transducer arrays and electronic control unit were 
used in 1977 a s  in 1976 (Krasnowski 1976 & 1977). An attempt was made 
to  place the  arrays in the same locations a s  in  19 76. The actual positions 
of Array I ,  11, 111, and IV from the north bank were: 69, 11 2 ,  148, and 20 4 
feet  respectively. This put Array IV a distance of 131 feet from the south 
bank. 

With a few minor changes,  the sampling design and data collection 
procedures were the same a s  described by Krasnowski (19 77) . The arrays 
were installed in the river on May 29 and the counter was operated inter- 
mittently a t  night until June 10 when the l a s t  ice  flowed down the river. 
The random daily counting schedule was then started on June 10-11 and 
continued until August 7-8. The sonar gear was operated 75 hours (25 ran- 
domly selected 3 hour blocks) per 5-day sample period. Array I was oper- 
ated during al l  the sampling hours. Arrays 11, 111, and IV were operated in 
a random sequence for 15-minute intervals within each hour, and these  15- 
minute counts were expanded to yield hourly counts for each array. 

River velocity was measured with a pygmy gurly meter on 46 occasions 
during the season.  Because the river depth was unusually high, the measure- 
ments could not be taken a t  the standard location, behind Array I, established 
in 1975. The measurements were taken a t  three specified locations and 
comparative readings were taken behind Array I and the other three arrays 
when possible.  

Lake depth a t  the ADF&G cabin, near the outlet of Lake Aleknagik, 
about a mile upriver from the sonar s i t e ,  was measured four times daily. 
River depth a t  the sonar s i te  was measured every 15 minutes on the sonar 
counter. Daily air  and water temperatures were a l so  recorded a t  the ADF&G 
cab in. 

The velocity model used in 1976 to  estimate hourly velocity factors 
for adjusting the hourly sonar counts (Krasnowski 19 77) could not be  applied 
to  the 1977 velocity data .  Although the daily mean river depth and daily 
mean lake depth relationship in 1977 was similar to that found in  1976, the 
river velocity data were s o  variable that the model did not fit.  There was 
a l so  no direct relationship among the velocity measurements over the indi- 
vidual arrays. A correction factor to  adjust the  hourly counts for each array 
was calculated from the average velocity across the river per 5-day period 
divided by the 4.5 feet per second velocity sett ing on the counter. 

Hourly counts from each of the four arrays were adjusted by the 
velocity correction factor. The sum of the  adjusted hourly counts (referred 



t o  a s  corrected counts in 1977) was expanded in proportion t o  the  river 
not sonified by the arrays,  giving hourly expanded counts.  Expanded 
counts for hours when the gear was not operated were obtained by l inear 
interpolation. Hourly expanded counts and interpolated expanded counts 
were summed by sample day (noon to  noon) to  give daily total  expanded 
counts ,  which is an  index of the  total  daily outmigration. 

Approximately 300 smolt were collected for age-weight-length 
analysis  during each 5-day sample period. The samples were collected 
with a beach seine near the outlet of Lake Aleknagik. Because of diffi- 
cult ies experienced in  1976 in obtaining adequate samples using a sampling 
scheme with times selected randomly throughout the  day, a revised sampling 
scheme with times selected randomly from 2100 t o  0300 each night was used 
in 1977. The sampling goal was 60 fish per night although on some nights 
more f2sh were sampled than on other nights t o  yield the 300 smolt needed 
per 5-day sample period. During the sample period, June 30 t o  July 5 , ade- 
quate  samples could not be obtained even though sampling effort was increased 
every night of the  sample period. 

Fork lengths and s c a l e  samples were taken from each smolt . Weights 
were taken from approximately 30% of the  smolt. The mean lengths and vari- 
ances  for the  seasons were calculated using a formula for stratified samples 
(Cachran 1963). Mean Age I smolt weights for each sample period were 
calculated,  using a formula which resul ts  in an  unbiased estimate of mean 
weight from the mean length and variance,  the length-weight relationship, 
and correction factors (Pienaar and Ricker 1968). There were not enough Age 
I1 smolt weights in  each sample period t o  calculate  mean weights by sample 
period. Instead,  a seasonal  mean weight was calculated,  using Pienaar and 
Ricker's equation, from the  mean length for the  season  and a length-weight 
relationship based on a l l  Age I1 smolts weighed. 

RESULTS 

Climatological and Hydrological Obs emations 

Daily water and air  temperatures a t  the  ADF&G cabin during the  smolt 
outmigration are  presented in  Table 1. The maximum and minimum seasonal  
water temperatures were 15 . ~ O C  (July 20) and 4 .  ~ O C  (June 9) . The maximum 
and minimum air  temperatures were 30°c (June 17  and June 30) and O°C (July 
3) 

Table 2 l i s t s  the mean river velocity (over. a l l  arrays),  river and lake 
depth gauge measurements for 1976 and 1977. More fluctuations in  the  fixed 
depth gauge measurements were observed during 1977 than in  1976 (ADF&G 



unpublished data) .  Depth gauge measurements were a l so  3.12 f t  higher 
in the lake and 2.11 ft higher in the river during 19 77. Nevertheless, a 
c lose correlation between daily lake and daily river depth gauge measure- 
ments was observed in  both years.  

Age-Weight-Length 

Table 3 l i s t s  the mean lengths for Age I and I1 smolt by sample 
period. The weighted mean lengths for the season of Age I and Age I1 smolt 
were 70.48 and 98.06 mm respectively. Mean weights for Age I smolt by 
sample period a re  l isted in Table 4. The seasonal  mean weights for Age I 
and Age I1 smolt were 3.45 and 9.30 g respectively. 

Total Expanded Counts (Outmiqration Index) 

The total  expanded counts for 1977 were 14,659,792 (Table 5). 
Age I smolt comprised 82.9% (1 2,149,484 expanded counts) of the outmigra- 
tion. Age I1 smolt comprised 1 7.1 % (2,5 10,30 8 expanded counts) with the 
majority of the Age I1 smolt (87%) emigrating during the early part of the 
season (June 10-25). Total expanded counts by day are  plotted in Figure 1. 
The outmigration peaked earlier in 1977 than in 1976 (~ rasnowsk i  19 77) , 
June 20-21 and July 15-16 respectively. 

The emigrating smolts distributed themselves more evenly over the 
four sonar arrays in 19 77 than in 1976, but, the  majority of the total  adjusted 
(for river velocity only) counts were still recorded by Array I. Of a total of 
1,877,732 adjusted counts in 1977, 36% were recorded by Array I ,  24.37% 
by Array 11, 20.83% by Array 111, and 18.8% by Array IV. 

Table 6 summarizes the sonar outmigration indices (seasonal total  
expanded counts) for a l l  the years this program was operated. Table 7 
relates these  smolt outmigration indices to  the brood year escapements. 
The two brood year escapements, 1972 and 1973, from which both Age I and 
I1 smolt have been indexed, produced 19.8 and 13.3 total expanded counts 
per spawner, respectively. 
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Table 1. Water and a i r  temperatures, ADF&G cabin, Wood River, 1977. 

Water Air  Temp. ( " C )  Water Air  Temp. ( " C )  
Date ~ernp.  ( O C )  Max. 1-17 n . Date Temp. (OC) Flax. Min. \ *  - 

Table 2. Seasonal sample s i z e s ,  means and variances of veloci ty ,  r i v e r  
and lake depth gauge measurements in 1976 and 1977, Wood River. 

River -. Depth qauqe measurements ( t t )  
Y'ear Ve loc~  ty  ( f p s )  Ri ver- Lake --- - 

s2 
- 

s2 
- 

n x n x n x s 



Table 3. Sample s i z e s ,  mean lengths  (mm), and variances f o r  Age I 
and Age I1  sockeye salmon smolt by sample per iod ,  Wood River ,  1977. 

Sampl e Age I Age I1 
- 

s 2 
- 

Period n x n x s2 

June 10-15 183 64.21 74.3 106 96.41 92.2 

June 15-20 2 03 71.41 115.8 94 99.47 120.3 

June 20-25 234 70.40 94.7 6 5 98.08 80.6 

June 25-30 249 

June 30-July 5 19 

J u l y  5-10 281 

J u l y  10-1 5 288 

J u l y  15-20 255 

J u l y  20-25 292 

J u l y  25-30 256 

J u l y  30-August 4 271 

August 4-8 28 0 

Season t o t a l  281 1 70 .4d1  0.06 373 98.06 - 1/  0.30 

1/  The mean lengths  used i n  c a l c u l a t i n g  t h e  season t o t a l s  a r e  weighted by - 
t he  t o t a l  expanded counts f o r  each sample period (Table 5 ) .  



Table 4 .  Sample period and seasonal t o t a l  mean weights (g)  f o r  Age 
I sockeye salmon smolt, Wood River, 1977. 1/ 

Sample IMea n 
Period Weight ( g )  

June 10-15 2.25 

June 15-20 3.09 

June 20-25 3.40 

June 25-30 2.20 

June 30-July 5 2.55 

July  25-30 

July 30-August 4 

Season Total 3.45 - 2/ 

1 Sample s i ze s  fo r  the  Age I1 smolt were too small t o  ca lcu la te  - 
1 ength-weight re1 at ionships by sample period. Seasonal t o t a l  
mean weights f o r  Age I1  smolt was 9.30 g .  

2/ The season t o t a l  mean weight i s  derived by weighting each sample - 
periods mean weight by the  t o t a l  expanded counts fo r  t ha t  period 
(Table 5 ) .  



Table 5. Total expanded counts of sockeye salmon smolt by age c lass .  and 
sanple period, Wood River, 1977. 

Sampl e AGE I AGE I1  .- 
Period No. % No. X Total 

June 10-15 1,700,286 63.3 985,790 36.7 2,686,076 

June 15-20 1,520,159 68.4 702,296 31 .6 2,222,455 

June 20-25 1,744,656 78.3 483,513 21.7 2,228,169 

June 25-30 608,835 97.6 14,971 2.4 623,806 

June 30-July 511 1,319,338 96.5 47,852 3.5 1,367,190 

July 5-10 1,424,530 95.3 70,255 4.7 1,494,785 

July  10-15 665,416 92.3 55,511 7.7 720,927 

Ju ly  15-20 864,754 92.7 68,098 7.3 932,852 

July  20-25 559,948 95.4 27,000 4.6 586,948 

Ju ly  25-30 756,462 99.2 6,100 0.8 762,562 

Ju ly  30-Au~. 4 552,033 95.8 24,202 4.2 576,235 

August 4-8 433,067 94.6 24,720 5.4 457,787 

Total 12,149,484 82.9 2,510,308 17.1 14,659,792 

I /  The sample s i z e  f o r  t h i s  period was too small t o  determine the  age - 
composition. An average of the percentages from the preceeding and 
following sample periods was used. 



Table 6. Summary of Wood River t o t a l  expanded smolt counts by age c l a s s ,  
1975, 1976 and 1977 (Number of Counts x 1 06) .  

Year of Age I Age I1 Total 
outmigration 

Table 7. Summary.of Wood River t o t a l  expanded smolt coun s from 8 brood year qscapements. (Number o f  counts x 10 ) ,  

Brood Escapement Age I Age I 1  Total 
year 



EDITOR'S NOTE: 

During 1977, migrating smol t were also sampled a t  the Ugashi k ,  Egegi k ,  
Nuyakuk and Igushi k Rivers t o  obtain smolt sca le  samples from the  major 
sockeye salmon producing systems in Bristol Bay tha t  did n o t  have a smolt 
enumeration project.  These sca le  samples were to  be examined f o r  pattern 
recognition and used in conjunctton with data obtained from the smo7t 
enumeration projects on the Naknek, Kvichak, and Wood River systems to  
t e s t  the f e a s l b i l i t ~  of-using smolt scales  as standards f o r  separating 
returning adul t  Bristol Bay sockeye salmon in mixed stock f i she r i e s  in 
1979 and 1980. 

A s ingle  4 by 5 ft. standard winged fyke net was fished i n  the Ugashik 
River during the evenings of May 21,22, and 23. A s ingle  collapsSble 4 
by 4 f t .  winged fyke net was fished in the Egegik and Nuyakuk Rivers. 
Fishing took place during the evenings o f  May'27,28 and 29 i n  the Egegik 
River, whereas, the Nuyakuk River was fished during the evenings of June 
18,19 and 21. The Igushik River was sampled during the evening with a 
100 f t .  long beach seine periodically from June 3 through June 25. 
Captured smolt in a l l  cases were measured fo r  fork length,  weighed t o  
the nearest  0.1 gram, and sampled fo r  scales .  

Age, sample s i ze ,  length and weight data from the smofts sampled are:  

River Sampl e Fork length (nn) Weight ( 9 )  
Sy s tern Age Size Average Range Average Ranqe 

Ugas h i  k 

Ugashi k 

Egegi k 

Egegi k 

Nuya ku k 

N~rya ku  k 

Igushi k 

Igushi k 



Becaure the Alaaka Department of Firh and Game receives federal funding, all of itr 
public program and activities are operated free from discrimination on the barir of race, 
religion, color, national origin, age, sex, or handicap. Any perron who believes he or rhe 
haa been discriminated againrt rhould write to: 

O.E.O. 
U.S. Department of the Interior 
Waahington, D.C. 20240 
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